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5) To participate in conferences and other joint activities with 
staffs of other computation centers, so that knowledge of this rapidly changing 
field can be exchanged with other workers." 

Report Number 1 also discussed plans for the IBM Research Assistant- 
ship program and the details of the policies and procedures for use of the 
equipment . 

Most of the plans outlined in the first Report have been carried 
out and most of the policies proposed there have been found effective and are 
in force today. This success is not surprising, of course. Most of the 
initial staff of the Center had had extensive experience in programming and 
in operating the Whirlwind computer, one of the first large digital 
computers to get into operation and the first to have a magnetic core memory. 
Although the circulation of staff usual in a university has occurred at the 
Center, and more than half the initial staff are now programming or operating 
other computers, most of the present staff were trained by the Center and are 
effectively carrying out its New England-wide activities by the official 
faculty representatives of the 31 participating institutions. 

Although all the activities of the Center contribute to both educa- 
tion and research in the use of computers, they can conveniently be reported 
here under three general categories: 1) Education, 2) Operating the computer 
for the use of students and faculty, and 3) Research in new uses of the 
computer and in making the computer easier and more effective to use. The 
achievements of the Center in the past three years will be summarized here 
under these three headings . 

Educational Activities - More than two thousand students and faculty 
members of the participating New England universities and colleges (including 
MIT) have been trained to program the 704 and have run at least one problem 
on the computer. Each August the Center has offered a two-week coding course, 
with average attendance of about 120. In addition, two shorter coding courses 
were offered each academic year at MIT, and the Center staff joined with IBM 
personnel to put on about a dozen short courses on the campuses of some of 
the cooperating institutions. 

Machine programming and the use of the 704 has been incorporated into 
a number of regular courses of instruction. In addition to the MIT freshman 
elective 6.41, "introduction to Automatic Computation" (enrollment 150 last 
year), the standard senior subjects 6.25, "Introduction to Digital Computation" 
and 6.251, '"Principles of Digital Computation" (average enrollment about 60) 
and the graduate courses 6.531, "Finite and Infinite State Machines", and 6.539, 
Computer Programming Languages and Artificial Intelligence" (enrollment about 
25 apiece), a number of courses on subjects related to computation, at MIT 
and elsewhere, now include coding instruction and 704 use as part of the course. 
Examples of this are the courses in Numerical Analysis at the University of 
New Hampshire and the University of Vermont and the course in Psychology at 
the University of Connecticut, courses in Applied Mathematics at Brown, Harvard, 
and Boston University, and, at MIT, course 15.542, "Management Information 
ystems , in the School of Industrial Management; course 22.53, "Digital 
oputers in Nuclear Engineering"; course 1.535, 
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been prepared by research assistants. The research assistants in *.he 
other institutions perform similar tasks at their own colleges and with 
their own departments. They are expected to visit the Center regularly 
(funds are provided for their travel expense) and office space is reserved 
for their occasional use. 

It is too soon to have amassed statistics on what these research 
assistants do after leaving school, but experience with similar appoint- 
ments, in connection with the Whirlwind computer, should be typical. 

Of these about a quarter have become computer scientists and are on the 
staff of large machine installations at the University of Chicago, Los 
Alamos, Space Technology Laboratories and the like. Two of these alumni 
are now on the staff of the MIT Computation Center. Most of the others 
are using their computing skills in their original specialties, in 
industrial, academic, and governmental laboratories. 


In addition, the Center each year has appointed research associates 
from IBM funds; 1 or 2 at MIT and 10 or 12 at the other institutions; 3 
or 4 at MIT from other funds. Some of these are granted to younger faculty 
members for part-time appointments, to relieve them from some teaching 
duties so they can concentrate on various aspects of computer science. 

Others are full-time appointments to post-doctoral computer specialists 
to enable them to carry on important research in computer applications 
for a year or two at the Center. (Their research will be reported later 

in this summary.) 


The Center has been open to visitors at all times and a tour 
has been conducted one afternoon a week. Visitors have been given a 
short talk on the equipment and several demonstrations run on the 704. 
Attendees have averaged about 50 a week; some of them high-school classes 
many of them students from nearby colleges and some of them casual 

visitors at MIT. 


Use of the Computer by Faculty and Students - A student or 
faculty member wishing to run a problem on the computer at the Center 
fills out an application form, stating the nature of his problem, where 
he expects to publish the results, who will do the programming and how 
many hours of machine time he expects to use in the next quarter-year. 

If this application is approved by the applicant's supervisor or department 
head (for MIT) or institutional representative (for the other colleges) 
and is checked for computational effectiveness and to see whether t e 
requested time is available, it is then given a problem number and the 
applicant is free to submit his computer runs at his convenience. 

Although each user is expected to program his own problem, research 
assistants are available to give advice when the user gets stuck, an 
senior programmers are on call if the difficulty is serious. 

The Center has always striven to return a completed run a 
few hours after the user has turned in his deck of cards and run request. 


Most of the time this goal has been met, though during the spring rush 
weeks the turn-around- times have sometimes risen to 15 or 20 hours. 

Considering the fact that the operating staff of the Center is smaller 
than that for the usual 704 installation and that the Center processes 
a larger number and a wider variety of problems than most installations, 
this is a respectable record of service efficiency. Nevertheless, the 
Center staff is constantly striving to speed up its service, by simplifying 
procedures and by devising more efficient operator programs for the 
computer. This search for efficiency is one of the reasons the Center 
has begun developing time-sharing consoles for parallel machine use. 

(Some of these developments will be discussed later in this summary.) 

To accommodate users from the out-of-town colleges, the Center has been 
open one or two Saturdays a month, when these users are given first 
priority on runs. To catch up in times of heavy demand, the machine 
has been run extra shifts on some weekends. By such various means the 
Center has started each week with no backlog on all but 5 or 6 Mondays 
during its three years of operation. 

Of course, if more time is requested than is available on 
the computer, the delays will mount no matter how efficient the service 
is. Experience has shown that no more than 75 per cent of available 
time should be scheduled at the beginning of a quarter, to allow for 
fluctuations in demand, down time, emergency requests for extra time and 
new problems submitted during the quarter. This has meant that recently 
the Center has had to exercise its prerogative of refusing or reducing 
requests for excessive amounts of time, especially for problems of lesser 
educational value. No requests from non-MIT users, which have been 
approved by the institutional representative, have been turned down. 

In the past three years, a little over a thousand different 
problems have been run on the 704, representing about 6400 productive 
hours of machine time. For the record, these are divided into three 
categories: MIT usage (M numbers); other institutions usage (N numbers); 
usage by the Center staff on service problems for common benefit (recently 
given C numbers, previously included in the M's). The rough breakdown 
of usage for the three years is: MIT, 4000 hours; N.E . colleges, 1400 
hours; Computation Center, 1000 hours. The monthly breakdown of hours 
and of number of problems initiated is plotted in Figures la and ;lb. IWe see the 
time used rising fairly steadily, being about 1200 hours from July, 1957, 
through June, 1958 (700 M's, 200 N's, 300 C's), about 2400 hours in 58- 
59 (1550 M's, 500 N's, 350 C's) and about 2750 hours for the academic 
year 59-60 (1700 M's, 700 N's, 350 C's). The last figure, 2750 hours, 
represents approximate saturation for the 704, being nearly 10 productive 
hours per working day during the year, a practical maximum for the 14 
hours available, after down time, testing time and other unproductive 
time is subtracted (also allowing for fluctuations in demand which in- 
evitably occur in such an operation). 


Titles and abstracts of all the thousand problems have been 



initiated. Titles oi all of them are included in the supplement to this 
report (abstracts are given, as usual, only for those initiated during 
the past half year), with notes regarding the publication of results of 
the completed problems. We see that the problems cover all fields where 
computers are now used, including mathematics, accounting, nuclear physics, 
psychology, operations research, meteorology, business cycle prediction, 
statistics, linguistics, physiology, astronomy, public medicine, formal’ 
logic, game playing programs, as well as computer science itself. 

Our data regarding the ultimate publication of the results of 
the computation are quite incomplete, since many users neglect to notify 
us of the eventual publication. The data we do have indicate that 155 
of the problems were parts of. theses for bachelor’s, master's, or 
doctor s degrees; at least 33 of the computations resulted in journal 
articles, in at least 15 cases the results were presented in papers at 
a society meeting; in at least 45 cases the computations were published 
in project reports and in at least 4 cases the calculations were, or 
will b® important parts of a published book. Thus, to our knowledge, 
nearly a half of the completed problems have been reported, in some 
form, to the public. 


The computing equipment at the Center is, by now, an integral 
and indispensible part of the research apparatus at MIT and many of the 
cooperating institutions. Its use has doubled in the past three years; 
it probably would have tripled if the computer capacity had not been 
saturated this last year; it will probably increase by another factor 
of 2 or 3 in the next three years if the machine capacity can be kept 
abreast of the demand. The staff of the Center must continue its efforts 
to increase the flexibility and efficiency of the equipment. 

Research in Computer Science - An important part of the duties 
of the staff of the Computation Center is to develop programs and 
ancillary equipment to make the computer easier and more efficient 
to use and to enable it to perform new kinds of tasks. Many of the 
initial staff had already gained experience, with Whirlwind, in this 
regard. The Whirlwind staff pioneered in the development of the core 
memory and in the devising of assembly programs and post-mortem routines 
which considerably reduced the difficulties of writing and of "debugging" 
a program. One of these staff members was borrowed by IBM to help 
devise the Fortran Compiler system, which has so markedly reduced the 
difficulty of learning how to program problems for the 704. 


These activities have been continued intensively by the staff 
o the Center. The goal, in the programming development, is to make it 
possible for the user to write instructions, which the computer is to 
carry out, in a language which is easy to learn and simple to use. The 
machine must be directed to do the clerical tasks of translating these 
in J™ 0 * 10113 lnto machine language, arranging instructions and data 

e memory, scheduling the input-output and so on. Such an assembly 
me, usually called a compiler, actually writes the machine program 
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for the user. Similarly, when the program has an error, the machine 
should be made, by means of a post-mortem program, to report to the user 
in an easily comprehensible way, preferably in the user’s language. 

Fortran is the basic compiler now used by the Center. Its 
language is simple enough so that students can begin to write programs 
after only a few hours of instruction. But Fortran has its limitations, 
and the Center staff have been in the forefront of development of improve- 
ments and additions to this system. Among others, they have developed, 
and made available to other 704 users of Fortran, programs for: 

loading Fortran programs from magnetic tape. 

segmenting programs which are too large for the core 
memory and loading them sequentially from tape. 

post-morteming, which allow the user to make requests 
relative to the origin of each sub-program. 

giving loader diagnostics and allowing relocatable octal 
correction cards. 

improving uniformity and flexibility of the compiler output, 
so that, for example, a subroutine written in one 
language can be compatibly inserted in a program written 
in another language (called the linking loader). 

By means of these "meta-programs" the user can communicate with the 
machine entirely in the Fortran language and yet utilize (sometimes 
without his realization) ready-made subroutines (for computing the more 
commonly used functions, for example), which were written in machine 
language. The staff have assembled a large library of such subroutines, 
many of them adapted from programs written by earlier users, which have 
been tested, edited and written up so the prospective user can know 
their advantages and limitations. It now happens that the programmer 
will often find the majority of his program already written for him. 


In addition to these aids, the staff developed an automatic 
operator program, by means of viiich a sequence of problems could be 
recorded, ahead of time, on magnetic tape, each having the user's 
instructions for the run attacked. During the run the problems are 
read into the computer sequentially, the machine carries out the 
instructions, or if an error occurs, the post-mortem routines is used, 
the results of the diagnostic record is read onto another tape and the 
next problem is read in. This automatic operation avoided the delays 
inherent in on-line card-reading and result printing and in depending 
on the human operator to take manual action for each problem. The 
operator program has measurably increased the productivity of the 704 
in terms of problems completed per hour. 
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Fortran has other limitations than those mentioned previously, 
which are not removed by modifications. It was devised primarily for 
numerical computation, for the sort of scientific calculations for which 
computers were originally planned. But it is becoming more and more 
evident that computers are capable of many non-numerical tasks, which 
may in the end be of equal or greater importance. Rather than trying 
to extend the Fortran language to encompass these new tasks, it may 
be easier and more flexible, in the long run, to devise new languages 
and new compilers for each large family of tasks. The Center staff 
has been of major help in writing two new compilers. One, COMIT, is 
appropriate for writing language translation programs. The other, 

LISP, was devised to instruct the machine to solve problems in 
symbolic manipulation, such as performing the algebraic manipulations 
of differentiation of a symbolic formula, or devising the proof of 
a mathematical theorem, given a set of axioms and rules of operation. 


But before new compilers and other programming aids can be 
developed, one must learn how the computer can be used in some new 
field of science. This initial exploration must be carried on by 
an expert in the field of science in question, who has learned machine 
programming, working in collaboration with an expert programmer. With 
the financial support of the Rockefeller Foundation, preliminary ex- 
ploration has been made in three general areas of non-physical science: 
social psychology, linguistics and economics. Here the problem was 
to see whether the computer could do more than the usual statistical 
analyses, could perform possibly non-numerical tasks which would be 
peculiarly appropriate for research in the particular scientific 
area . 


In the case of linguistics the work has developed beyond 
initial exploration, which was carried out in collaboration with 
the machine translation project of Dr. V. Yngve. Programming experts 
of the Center have done most of the planning and much of the writing 
of the Comit program and are about ready to turn the results over to 
Dr. Yngve' s group for them to carry out their linguistic analyses 

with its aid. 

ft 
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In the other two cases, a fruitful field of exploration 
proved to be the use of the machine in simulating individual and group 
behavior, in the case of social psychology, Dr. Bernard Cohen, who 
did his doctoral research under Prof:. Mosteller at Harvard, was appointed 
a research associate of the Center. He developed programs for simulating 
the Markov-type learning behavior discussed by Bush and Mosteller in 
their book on the Stochastic Theory of Learning. The results of experi- 
■ents can be compared with machine simulations, assuming various 
stochastic structures, to see which simulation corresponds 
*lth the experimental data. Dr. Cohen is at present at the University 
of California at Berkeley, engaged in part in writing his results 
into a monograph on the subject. (Details of this work were given in 
Semi-Annual Report No. 2). 
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In the case of economics, John Korbel and Martin Greenberger, 
two students of Prof. Guy Orcutt (then at Harvard) collaborated in 
writing a very ambitious program to simulate the economic behavior of a 
segment of the U.S. economy (this project is also summarized in Report 
No. 2). After the program was written and "debugged", a series of runs 
were made to simulate a ten-year history of a typical group of 2000 persons 
Each ten-year run took ten hours of machine time. The results of the 
project, to the present, have been reported in several papers, presented 
to the Association for Computing Machinery, to economics societies and 
to the Second International Conference on Operations Research. They will 
be the subject of a forthcoming book "Micro-analysis of Socio-economic 
Systems," to be published by Harper and Sons. Profs. Orcutt and Korbel 
are now at the University of Wisconsin and Prof. Greenberger is now a 
member of the MIT School of Industrial Management . 

The staff of the Center have also been active in helping other 
groups devise their special compilers and programs of use in their 
particular fields. Among these have been the Dynamo compiler, for 
industrial dynamic models, developed by Prof. J. Forrester's group in 
the MIT School of Industrial Management; programs for simulating 
automobile traffic flow, written by the staff of the MIT Operations Research 
Center; programs for simulating voter behavior, for weather prediction, 
for simulation of an inventory network, for the rapid computation of 
diatomic molecular energies, for machine-tool control and for the design 
of nuclear reactor shielding. The staff of the Center assisted in the 
writing and testing of these and other large and complex programs. 

However, all of these special programming aids can only al- 
leviate the essential mis-match in speed between the human and the computing 
machine. The research worker (and the student learner) should be able to 
use the computer as he does a slide-rule. He should be able to ask the 
machine a question, get the answer quickly, think about the answer a while 
and ask another question, and so on, without having to relinquish his 
place at the machine to give the next man a chance. With the present 
rudimentary input-output equipment, this is impossible if the machine 
is to be used to the full capacity of its central computing unit. The 
research worker must turn in his program deck and run request to the 
machine operator, who runs it along with many other requests from other 
users. The worker must wait until all of the problems are run and tabulated 
(off line) before he gets his answer and can think what the next question 
will be. At the Center he can sometimes ask three questions a day and 
get three answers, if he is lucky and persistent; often he gets only one 
question-answer cycle done a day. 

This is obviously inefficient as far as the individual research 
worker goes, but it cannot be helped as long as there is only one input 
and one output channel to the central computer. To improve this basic 
mis-match there should be a whole set of input-output channels (where 
the action-reaction times are necessarily slow) each sharing the time of 
the fast-reacting central computing unit. While the answer to one question 


is being "typed out, tbe recipient is thinking over nhe answer nnd tyDing 
out the next question on one input— output channel, the comouter can be 
picking up the request from the next channel, computing the answer and 
returning it to that channel, going on to the next and so on, completing 
perhaps 20 or 30 such computations before the first channel is ready with 
its next question. 

To attain this ideal matching of user and machine, the time 
sharing channels must be designed and built, and complex machine-scheduling 
programs must be written. With the help of a grant from the National 
Science Foundation, the Center has already started on both aspects of 
the task. IBM installed a special "real time package" on the 704, 
which enabled us to attach a Flexowriter so it could communicate directly 
with the central unit. Before the 704 was removed, this typewriter was 
time-sharing the machine with the usual control console. As soon as the 
709 is installed, two Flexowriters will be attached, and programs, now 
being written, will be used to start investigating the technical and 
procedural problems inherent in time-sharing. It is hoped that they 
will be solved soon enough so that when the faster and more flexible 
7090 is installed, we can be ready with a working time-sharing system. 
Progress to date is reported in Reports No. 5 and 6 and later in this 
Report . 

By the time the computer can be closely linked with the user 
via time-sharing methods, flexibility in the method of presentation of 
the answer will become important. Not all answers are appropriately 
given in terms of a list of typed numbers or words, they may be more 
understandable if presented in graphical form, on a cathode ray screen. 

The Computation Center has already done some exploration in the use of 
the cathode ray tube, both for output and input. Programs have been 
written and were in use with the 704, which will plot a curve of a function 
of one variable computed by the machine, and which will plot a contour 
map of a function of two variables. A light-pen has been built, which 
will enable the user to draw a picture on the cathode-ray screen and have 
it recorded in the machine memory. By this means, those questions and 
answers which are more appropriately given in geometric form can be 
translated into machine language . 

Outlook for the Future - The installation of the 709 will measur- 
ably increase the computing efficiency of the Center and will thus eventually 
considerably increase the number of problems it can handle without over- 
load. it will also allow of considerably greater flexibility, in regard 
to time-sharing experiments, for instance. It is to be hoped that it 
will satisfy for another year or so the continually increasing demand 
for computer time by the cooperating institutions. If by then a 7090 
is installed and time-sharing can be attached, the considerable increase 
in capacity (another 3 times) should satisfy demands for a further 3 or 
4 years, in the mean time, of course, new users will be attracted as 
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At the time of publication of this memo the 704 COMIT 
should be ready for distribution. A programmer's manual for 
COMIT will also be available for reference. The details of 
the COMIT programs will be available soon. An operations manual 
for the entire system with detailed flow-charts, formats, and 
descriptions is being readied. Potential users are cautioned 
that minor changes may be necessary in the future as exhaustive 
testing of COMIT will continue. 

The programming and testing for 704 COMIT is virtually 
completed. The 709 version will be completed soon after the 
machine arrives . Since the programming effort has progressed 
so far, future reports under this problem number will deal with 
uses of COMIT and studies undertaken in Mechanical Translation. 

(1) V.H. Yngve, "A Programming Language for Mechanical Trans- 
lation," Mechanical Translation, Vol . 5, No. 1, July 1958. 


Time-sharing Project Herbert M. Teager 

During the past six months, the time-sharing project 
has been actively engaged in setting up the overall project 
that was described in the previous Semi-Annual Report. To review 
these plans briefly, we are attempting to explore the feasability 
of an n-person on-line, time-shared mode of computer operation, 
by actually building up such a system, and using it for the day- 
to-day computation in order to develop fully the best techniques, 
hardware, and programming systems to match this mode of computer 
usage . 

Our reasons for carrying out such a project are twofold. 
In the first place, it is becoming quite clear that substantial 
increases in the overall effectiveness of a computation system 
can be realized. This can be done if the user can be made a 
closer partner with the machine in present day usage, both in 
the sense of more immediate access and better communication with 
the machine. To give an example of this, many recompilations 
of programs occur because of small mistakes in format or logic 
that would be almost instantly correctable, if the user were 
given the anility to make changes during the course of a compila- 
tion. Our second and longer range reason for carrying out tne 
project is that the area of closely coupled human-machine inter- 
action in information processing has not neen deeply explored, 
and it seems to hold a great deal of promise in the area of 
speeding up, and expanding the mental capaDilities of the human 
user, particularly in areas such as design, or model building, 
where there is a need to obtain a feel, for the problem. It 
is felt that the ability of the computer to summarize, to 



present a picture, to expand functions, or to try out numerical 
values quickly can be an excellent supplement to huma 
judgment . 

We are planning to carry out a program that will encompass 
the on-line use of a large computer as a real-time teachxng axd, 
as well as a full-time teacher. 

There are three sets of problems that must be solved 

to inslcs ^ dg 11 .. fhprp i q t"hp need 

symbolism and computer languages; and fin y, dle the 

.. ol1v tn develop adequate programming systems to handle tne 

are never faced with delays. In this way the machine can 
used as efficiently as possible. 

Since the last report, a great deal cl progress has 

. all of these areas. We have applied for outside 

been made in all oi xnei , , c „ n rrv 

support in the form of contracts and grants to help us c y 
out this program. 

A great deal of effort has been spent in becoming 
familiar with the design of the 709 and 7090 computer to aid 
in our own design work. 

Work has been proceeding on the design of an input/ 

. llt hll ffer exchange capable of being expanded to 40 input- 
Ttput devfcesThaT Jill connect several typewriters, a photo- 
electric tape reader, a light pen and future display and entry 
devices to the real-time channel of the forthcoming 709 or 

7090 This work is nearly complete, and the equipment will 
7090. This worx , insta llation of the 709. The 

desiSs a are incorporating all the experience that was gained 
design ^ operating the single typewriter time - 

during this P J and P use SQlid state circuitry in general 

for'reasons of both’ reliability and compatibility with the 

next generation of machine. 

The experience of operating time-shared in real time 
nn the 704 is also leading to the development of hardware 
solutions ’ rather than purely programming ones to the problem 
of coexi stance of dissimilar programs in memory. Experience 
system of "monitoring" programs has shown that 
though m. technique can «ahe a valuable on-line debugging 
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aid, it is not sufficiently efficient as a means of protection 
for an expanded system. 



Solutions to the problem of proper scheduling of the 
machine for time-sharing programs and proper dispatching and 
segmentation of programs that are being run concurrently are 
being actively explored and are being augmented by the construction 
of a set of "alarm clocks" similar in concept to the one which 
has been constructed and used on the 704 through the real time 
buffer. In conjunction with the scheduling problem for n-users, 
a program filing system using tapes for "pseudo-random access" 
is being developed in order to explore the problems that will 
be placed in a full-scale program filing system. Much work 
remains to be done before all of the considerations for an 
optimal program scheduling system are known. 

In the area of input-output languages, it is presently 
planned to concentrate most heavily on an algebraic FORTRAN-like 
language in the initial stages of the 709 operation in time-shared 
mode. This language will be augmented by a modified machine 
language system that is being achieved by modification of the 
present 704 FMIS system. Achievement of a set of user-oriented 
languages that take full advantage of the possibilities of 
operating in real time will in part hinge upon experience gained 
in using this interim language. As a result, it is presently 
hoped that the necessary modifications to both the normal 
operating systems and the on-line compiling system will be 
achieved very soon after the hardware is operable. 

It is planned to enlist the aid of faculty and student 
users who by using the computer in real time for their own 
particular problems will give us additional insight into the 
communication and access problems that will be faced on a full 
scale system, as we move more deeply into this essentially new 
and different mode of usage. 
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Brief Description of DYNAMO <!• Pugh 

DYNAMO is a special purpose compiler by the Industrial 
Dynamics Group of the School of Industrial Management to compile 
models of business and economic situations. 

It was designed with the following ideas in mind: 

(1) the special language would be simple to 
learn and use, 


(2) the compiler would perform as many checks 
as possible to simplify checking out the 
- model , 
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( 3 ) 


the compiler would be fast - 
so that the programmer would 
but the source language. 


fast enough 
never use anythin 


achieved. After the language has hi -t theSe g ° alS have been 
of Industrial Dynamics, the use of the lntroduced in the teaching 
lecture. The exact value of the cher’ COmp ^ ler requires but one 

but undoubtedly considerable. Further 3 ioreh^T 1 ^ m6asure 
possible with a special purpose 

purpose compiler. p Tnan with a general 


20% of the total compiling and runnin^V^^ faSt ' ° n the avera ! 

is at ie “* ** - 

sine. i t jr„i.sz a r^% P x a o f pr sr teIy 180 hOU " 


1.4 


Linking Segment System 


F * J. Corbato 
J . McCarthy 
M. Merwin 


The Linking Segment subprogram 

an. compact type of compiler output. InT l “ fIe * ibl « 

structions and constants, are assembin T , ™ tlon ' in- 
form. Much of the flexibility inherent in ! ° Catable binary 
as carried over into a Linking S Symbolic program 
such as array names and orders and suhn U pr ° gram since variants, 
may be specified at the time the progra^rrun 311163 themselves > 

to .Me ont zjsz “* 

different names, may have the same meaning S?i„ B X^ er 

defined at running time ari^Sde^y^he ^ text . 3X1,1 the symbols 
a Use Table. A Use Table mav ann Y th loader Wlt h the aid of 
it contains a list oJ all SGCti ° n ° f *«t; 

defined at loading time and^ list o^here 0 ” 3 ^ ^ t0 be 
expressions are used The svmbrn c ln th ® text these 

Use Table are defined in eitW * “ , the . expressions in the 

type (on a Hollerith card), e .g l EOT io^ mamier ° f ^ SAP 

manner by having the name and its "alter”’ ^ “ lmplicit 

GRP (group) card, m the latter case the name specified on a 

case, the symbol inside the 
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group takes on the value assigned the "alter 
group . 


name outside the 


( of the sJ°type) tl L S are TL^e/L'wLTpl? 

run" option is provided. ’ S ’ ^ assemble and 

completed 2r s “ b P r °e™" has been 

memory^ it stores 

memory I” 1005 *“ °" d — >» the^el’TLe 

tape ls J^3&ST22 srssr fro " a libra - 

A ^ omatic c ° dl „ B , string Transfo rmat ions and Visual nt 

Dr. M. Barnett 

during the P^^ix^IntL ^members of ^iTsV^s" C ° mpleted 
Molecular Theory Group- (m P BarnPtt ? Solld-Stat e and 
Bailey, , P, Putrelll; 

i-— 

manipulation within Fortran 2 ) nn J headings of 1 ) symbol 
ihput 3) scheme A a„’ ^ ^ ““ f ° r " at lr « 

use of Stylized English fn o g transformations 4) the 

humans and which ^ f communications that pass between 
display Processed by machines 5) visual 

"> fl P»w«ier input-„uIp”ut““cm U ? tl0n ° f 

Sap-coded subroutines" 1 ^^ that 5 ’ 0 ’^ Package: A set ° f basic 
written in Fortran and C&n ^ called wit hin programs 

output ofb c ' ! hlCh Pr ° Vide for tbe input and 

such information wi^hiTS!”’ ^ ^ the mani P ulat ion of 
both in work that is con 6 C ° mputer ’ have been used extensively, 
studies, and aJso in ?? ”T PPiinarlly witb ^-numerical 7 * 
numerical inouJ ^o analysis of verbally annotated 

former type of applica^ ° Pr ° grams \ E^xamples of the 
and scheme A work discm; 0 ^^! pr ° Vlded in the macrodirective 
ifPe of appliII t IJ laa “ SSOd bbl °”' E ^»PldP of the latter 
Programs Pr ° Vided ln tb ' “const of some 

evaluation of certain chemical problem^ 2 ) (the 

molecular Integrals), and which illustrate 


several uses of the b „ h 

man y other types of „ pacJia ge that could h 

Fortran n lan _ f prob iem. It should d have Parallels i n 

for the coding o^s h f S ^ f ° Und to be a »“ Phasized that the*' 
Further versions have be mnipulatio n . 2 ) s ^J° Werful tedium 
a general purno^o been com Pieted of fh J ADOlv subroutines- 

- ” g Pr °^” ^ can T™ 

brings to be sca™L ° tural features that ' >r ° Vlded with 

and which will th ln what ever problem • characterize the 

the structural de^crin^ 726 Strings °f symbois n h er C ° nsiderat ion, 
°f the information P 103 that has been nm • by referen ce to 

in thTlZ s C r :T ned ln SUC * aa - An exampia 

mentioned that the shadow" SCheme A laa guag e J! 13 given 
information that h SHAd CW and related S uhJf i- Jt 11137 b e 
are described i n , S Stored se quentiall y T h lneS 311 Work wi th 

“ - - “--"-r P ^e 

HI. Macrodirectives- a 

computational problem ^ macrodi Active is . 
knowledge of coding that Can be understood lption of a 
directly by a ° g C ° nven tions and W h2 Wlthou t aa F 
Program. Macropro Uter USing the appropriat*"” ^ pr ° cess ed 

^crodirectiv^s o? CeSSOrS h3Ve been wr?S^ ^"“^^“sor" 

^at are types ^to p or Sa n f COnVert 

the ’integrate" macrop^^"^ automa ti C all y Pr ° grams 

-crodirectives such as ^ as input 

"Example of an a. 

g -te FN3 with resp e f c r t t to n ? Cr ? direCtive - Inte- 

™ eaa s of 12 point ^ n from 0-Q tQ e 

subranges, where pi - 3 ?" ? Uadrat ure over 5 
(PI), FNI = X+COSF(X) rtf ’ A = p I**2+S0HTF 
FN*FN2+FN1/FN2 . " )f FN2 = hOGFCFNl), FN3 = 

and converts this to 

executed automatically F °^ tran P r °gram that is ee 
written that construct'* f lnular "^croprocessor !" Plled a «d 
maxima and minima .. bles . Plot graphs a " have been 

"acrodirectiveTl? “ rl5ltra ri' function ' J * nd flM Faroes, 

work arc aZ^ul^ SeLTreT tenS1V8 

language compu ta ti onal ^ubrou tines n that n ufe r t ^° nbbb i r f ^object 

JV. Scheme A langiage- , , aflisdata. 
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being constructed. Descriptions of the structural characteristics 
and relationships of strings, that make use of these representa- 
tions are said to be expressed in scheme A language. The portion 
of scheme A language, that can be used to describe the structural 
features that characterize strings which are of interest in dif- 
ferent situations, has been completed. It consists largely of 
a verbalization of the concepts of the SHADOW subroutines, and 
structural descriptions expressed in scheme A language can be 
converted to SHADOW definitions very easily. Programs are 
being written to effect this conversion automatically; the 
structural characteristics of scheme A language having been 
described in scheme A langiage. The further programs needed to 
implement scheme A language on the computer are being written. 

As an example of the output of the SHADOW subroutine, and of 
scheme A structural descriptions, a set of some 50 scheme A 
sentences has been constructed that describe the structure of 
a simple class of messages that might pass from travel agents 
to air lines booking agents, and the SHADOW language equivalent 
of these sentences can be used to analyze and label key items 
of information in such messages/ 5 ^ The first few sentences of 
the scheme A language definition table are 

1 - A flight specification consists of a flight 

segment then possibly a subsidiary flight 
comment . 

2 - A flight segment consists of possibly an 

article, then a sequence of any number of words 
each of which is either a part of the day or a 
time modifier or an ordinal time modifier, then 
a sequence of one or more words each of which is 
either an aircraft specification or a class 
specification, or a flight word, then possibly 
a flight number specification. 

3 - An article is an entry in the list "an, a, then." 

Then, for example the message "I want to reserve 
3 seats on the jet flight from Boston to Los Angeles 
on next Monday morning is analyzed by SHADOW in 
a way that labels "3" as the number of places, 

"jet" as the type of flight, "Boston" as the source, 
"Los Angeles" as the destination, and "next Monday" 
as the occasion. 

ill Stylized English. The airlines message problem just mentioned 
ustrates a very general type of situation, namely that in 

an office, concerned with a small number of related topics, 
messages that consists of pertinent information 
by key words of cliches embedded in noise. Further 


identified 



studies are in progress that relate to data processing, informatio 
extraction and editing problems, in which the structure of the 
relevant messages and texts could be described by verbalized 
scheme A definition tables. Since these definition tables have 
the appearance of simple English language sentences, they could 
be developed by persons familiar with the individual problems, 
by reference to "worked examples", and without any knowledge 
of coding. It may transpire even that if widespread studies 
are made of specialized subsets of conventional language then 
more sophisticated uses of computers would follow the accumulation 
and exchange of knowledge regarding local syntaxes, just as elabora 
mathematical problems can be processed using the knowledge of 
computational algorithms that has been accumulated by scientists 
dealing with computations in diverse laboratories and types of work 

VI. Visual display in Fortran. Some simple Sap-coded subroutines 
have been written that can be called by programs coded in Fortran, 
and which(i) select the cathode ray device, (ii) pack tables of 
x and y coordinates, (that have been computed and stored as Fortran 
arrays) into a single array of words that contains the scaled 
integer coordinates packed in the fields appropriate to the use 
of these words in a display copy loop, (iii) display, under sense 
switch control, points represented in this way, and (iv) change 
film frames under sense switch control or automatically . (6) 

Further subroutines, that can be used within Fortran II coded 
programs, display typographic sequences that are represented 
in the computer in a variety of ways. 

Programs have been written in Fortran that store 
tables of coordinates of points on the outlines of reference 
objects, and which then construct diagrams in which these 
outlines are translated, tilted and scaled by specified amounts. 
Further programs make it possible to specify the time dependence 
of position, tilt and scaling, and then to make the computer 
produce and photograph the resulting diagrams for specified 
intervals of the time parameter. The system is being extended 
to three dimensional outlines, providing also for their rotation 
and for perspective effects. With the exception of the basic 
subroutines mentioned above, all the coding is in Fortran. 

VII. Flexowriter usage in Fortran: Subroutines have been 
written that allow input and output on the flexowriter within 
programs coded in Fortran. 



Barnett, SSMTG Programming Note Number 38. 




(2) M. P 



p, Barnett, SSMTG Programming Notes 26 and 27. 

J. D. Carter and a. P. Futrelle, SSMTG Programming Note 

P. Barnett, SSMTG Programming Note Number 33. 

j’ D . Carter and M. J. Bailey, SSMTG Programming Note 

Number 40 . 

Barth, SSMTG Programming Note Number 43. 

J. D. Carter, SSMTG Programming Note Number 1. 
j. Bailey, SSMTG Programming Note Number 37. 

Griffin, SSMTG Programming Note Number 44. 






be used for solution. 


John G. Pierce 
University of New Hampshire 


N945. 


NUCLEON-NUCLEON SCATTERING 


A search is to be made for the boundary conditions (logarl 
derivatives of a set of radial wave functions at a fixed core radius) 
along with a slightly modified nucleon-nucleon potential derived from me*<j 
theory, give the most satisfactory fit to the current nucleon-nucleon 
scattering data. The mathematical problem consists essentially of integral 
a series of second-order linear differential equations from the region of | 
large arg um ent , where the solutions are exactly determined from the expert-- 
mental scattering phase shifts, to the region of small argument. The Kutt 
Gill method will be used in the integration process. The potential and cor« 
radius will be adjusted so as to minimize the energy dependence of boundary^ 
conditions, which are consistent with the experimental phase shifts. 

Arnold Tubis 

Worcester Polytechnic Inst. 


M946 . 


LINKING SEGMENT SYSTEM 


The varied, nearly incompatible types of output produced by 
the many different programming languages emphasize the need for a common 
form for assembler and compiler output. The proposed common form of sub- 
programs are Linking Segment Subprograms (LSS) . Using this common, partially' 
symbolic output form, subprograms resulting from various source language 
programs may be run together as one program. Compilers and assemblers 
themselves, if written in LSS form, may be linked into any operating system 
or program. 

The LSS subprograms may be grouped together in such a manner 
that only selected symbolic information is transmitted into or out of the 
group. A group is permitted within a group so that arbitrarily deep 
nesting may occur. 

The invariant parts of a subprogram are compiled into re- 
locatable binary for fast loading, but, for program flexibility and sub- 
program linking, certain variants such as array sizes remain symbolic until 
specified at loading time. 

F. J. Corbato 
Computation Center 


M947. STUDENT PROGRAMMING FOR SUBJECT 6.41. 

COMPUTATION. 


INTRODUCTION TO AUTOMATIC 


74 


M804 


M812 


M816 


M819 


M822 


N825 


N826 


M830 


N832 


M841 


N843 


M852 


M856 


SOLUTION OF SIMULTANEOUS INEQUALITIES 
J.D. Bruce, MIT 

S.M. Thesis, Dept, of Elec. Eng., 1960. 

MATRIX INVERSION AND MULTIPLICATION 

J. L. Bear, MIT 

January 15, 1960, 5 pages 

"The Bremsstrahlung Produced by Continuous Beta-Ray Emitters" 

Ph.D. Thesis, Physics Dept., 1960. 

BINARY CODING INVESTIGATION 
W.W. Peterson 
November 10, 1959 

"Encoding and Error Correction Procedures for the Bose-Chaudhuri 
Codes", rough draft submitted to RLE and E.E. Dept. To be in- 
cluded in book to be published by Technology Press. 

COURSE 22.53 - DIGITAL COMPUTERS IN NUCLEAR ENGINEERING 

K. F. Hansen 

March 25, 1960, 1 page. 

LINEAR REGRESSION ON 40 TO 80 VARIABLES, EACH A SPECIFIED FUNCTION OF 20 
ORIGINAL VARIABLES 

A. L. Daniere, Harvard Univ. 

January 1960, 3 pages, listing. 

"An Empirical Consumption Structure for Clothing", Rept. on Research 
for 1958-59. Harvard Economic Research Project. 

INTERCORRELATIONS OF A TEST- ANXIETY SCALE 

B. W. Harleston, Tufts Univ. 

December 29, 1959, 1 page. 

FACTOR ANALYSIS OF "ACTIVITIES INVENTORY" SCORES 
P.R. Lohnes, Univ. of N. H. 

March 20, 1960, 5 pages, tables, listing. 

EVALUATION OF FUNDAMENTAL EQUATION FOR STEAM 
J.C. Boehringer, MIT 

Closed Form Evaluation of the Thermodynamic Properties of Steam 
in the Subcritical Region", Mech. Eng. Dept. Tech. Rept. #2 under 
Contract Nonr 1841(60). 

TABULATION OF LIGHT LOSS FUNCTIONS FOR ATMOSPHERIC ECLIPSES 
A.P. Linnell, Amherst College 
July 20, 1960, 13 pages, tables, listing. 

Being submitted to Astrophysical Journal . 

A ROUTINE TO SOLVE DIODE- SOURCE NETWORKS 
J.W. Fish, MIT 

S.B. Thesis, Dept, of Elec. Eng., 1960. 

HEURISTIC PROGRAMMING OF DIGITAL COMPUTER TO SIMULATE HUMAN CONCEPT LEARNING 
E.B. Hunt, Yale 

April 7, 1960, 4 pages, listing. 

'An Experimental Analysis and Computer Simulation of Concept 
Learning" 

Ph.D. Thesis, Yale Univ., 1960. 

SINGLE FIRM DYNAMIC MODEL FOR FORECASTING MACHINE CENTER LOADS 
J.C. Molsberry, MIT 
January 24, 1960, 3 pages. 

S.M. Thesis, School of Industrial Management, 1960. 

EDITING TEXT FOR IMMEDIATE DISPLAY 
M.E. Somin, MIT 

February 1, 1960, 7 pages, listing. 


Equipment Modifications 


As part of the typewriter input-output unit which na s bc m. 
added to the y 04, we nave recently installed an interval timer 
"alarm clock”. This device provides a method of introducing sti s 
to the computer in the form of an interrupt trap n microseconds 
a time designated hy the program. At present the time interval 
set manually Dy use of a caliDrated dial. The interval can be set 
to 320, 960, 3200, 9600, 32000, 96000, 320000, 960000, 3200000 or 
9600000 microseconds. These times correspond to the time required 
to perform 15, 40, 150, 400, 1500, 4000, 15000, 40000, 150000, OX 
400000 machine operations . 


The "alarm clock" will be used primarily to prevent endless 
repetition of a group of instructions (infinite loop) that sometimes 
occur due to program errors. It could also be used to limit the 
amount of time to be spent on a specific task. 

The addition of a "light pen" to the direct-data devices 
is probably the last new device developed using the 704. This 
device is a light-sensitive cell that can be used as an input 
device. Briefly, the procedure consists of "finding" the position 
of the pen which is being held before the Cathode Ray Tube Output 
by the user by scanning the face of the tube with a spot and then 
following the movement of the pen and recording this movement. 

When the pen is "found", which means a spot is displayed within 
its viewing range, it sends a signal to the computer. The 
scanning and following program must continually interrogate for 
this signal as well as displaying the spot. There are many 
ideas about the pattern of spots that should be displayed, but 
unfortunately time was not available for experimentation. 


The Flexowriter operation has been improved by the 
addition of a "back-interrupt" circuit. This allows the time 
between type-strokes to be used for programming. Since as many 
as 4000 operations can be performed between two type strokes, 
this should be a valuable saving. 


